Abstract-With a view to the nodes deployment of the water quality on-line monitoring system based on WSN, and the problem of the imbalanced node energy consumption caused by the unreasonable selection of the chain tag in PEGASIS agreement, this paper puts forward a routing algorithm of optimal energy heterogeneous adaptive link(OEHAL) suitable for large water area monitoring. On the basis of the residual energy of nodes and the distance between the node and the base station, the algorithm selects the head node of the chain tag, so as to achieve the balance of energy consumption. The redesign of the optimal link prolongs the life cycle of the nodes and reduces the time delay of communication. Matlab2014b software is used to simulate the algorithm, and the results show that the network performance of the algorithm is better than PEGASIS algorithm and is practical in the water quality monitoring network of large water area specially.
INTRODUCTION
With the characters of low cost, low power consumption and high reliability etc, WSN, Wireless Sensor Network, has very extensive application in modern times [1] [2] [3] [4] [5] .
Its application areas include homeland security, monitoring of surface water and soil, the defense intelligence collection, environmental monitoring, analysis and forecast of weather and climate. The environmental awareness, which is distributed and based on the simple and flexible deployment of wireless communication technology, makes WSN become the important factors that affect our daily life.
Because of the limited energy of wireless sensor network node, the most energy-efficient data transmission is needed, and at the same time the accuracy of the information cannot be reduced. Therefore, the problems of node power consumption should be considered first when researching the WSN routing protocol. On the premise of guarantee stable data transmission, the network lifetime will be prolonged as much as possible.
In large monitoring areawireless sensor networks often encounter a problem that some nodes will die early because of long transmission distance which will affect the stability of network nodes, especially in the water area. Due to the refraction scattering of the signal caused by fluctuation of water surface, signal interference stronger.
II. RESEARCH STATUS
Regarded the communication way the nodes involved, wireless sensor network routing protocol can be divided into planar routing protocol and hierarchical routing protocol. Planar routing protocol mainly includes SPIN, Sensor separate Protocols for Information via Negotiation, and DD, Directed coursing, etc. But due to the large number of nodes in wireless sensor networks, planar routing protocol will cause large network spending and limits the network lifetime. Hierarchical routing protocol mainly includes LEACH, Low Energy Adaptive Clustering Hierarchy, PEGASIS, PowerEfficient Gathering in Sensor Information Systems and Threshold sensitive Energy Efficient sensor Network protocol, TEEN, etc.
The purpose of LEACH agreement [6] is to select sensor nodes in a dynamic network as the cluster head nodes and to form a cluster. The sensed data within cluster nodes are directed to the cluster head nodes and data fusion. Cluster head nodes transfer the collected data to base station directly.
PEGASIS [7] is a chained protocol published by S. Lindsey and others based on LEACH. It developed from LEACH, but it is very different from the topology of LEACH for that LEACH is cluster structure, and PEGASIS is chain structure. And by greedy Algorithm, in PEGASIS, all nodes in the network will be completed a link, the collected information will be passed to the head nodes selected by the base station by the link chain, then transferred by chain head nodes to base station.
The formation stage of link begins in the node farthest from the base station. The node sends test signals, by monitoring the strength of the signal other nodes response to determine the nearest node, and adds it to the link. After that, the added node determines the nearest node (not including the node in the link) and add it to the link according to the above method. So on the link is formed including all nodes finally.
After the chain tag node is selected by the base station, the data will be transferred by control mechanism in token type. First, the token signal is passed to two ends of the chain, and then send the data to the next node in the chain. After receiving the data, the nodes will fuse its own data and received data and send to the next node. Finally, the data of the two ends of the chain head node is fused and sent to the base station. When there is a node dead in the chain, the network will need to re-establish a chain. Compared with LEACH, the PEGASIS protocol can improve the energy efficiency in a certain extent, but it has a certain degree of communication delay due to the characteristics of sequential transmission. Whats more, it is easy to form long chain, resulting in some problems for example, energy consumption of nodes is excessive and unbalanced, long chain nodes will die soon.
Previous studies have done a lot of researches on improving the PEGASIS protocol. Yu Yongchang and others [8] proposed EECB protocol based on PEGASIS protocol. This protocol considers the residual energy of the node and the distance between the node and the base station in the selection of the chain, and avoids the emergence of long chain through the threshold, which effectively prolongs the lifetime of the network. In combination with the LEACH protocol and PEGASIS protocol, Li Jianqi and others [9] propose an improved protocol, which is the same as the LEACH protocol in the selection of cluster heads and cluster. In the cluster communication, the combination of single hop direct communication and chain communication is adopted. The communication between clusters adopts the chain communication mode, which solves the problem of communication delay in PEGASIS protocol, but does not solve the problem of long chain. Wang Weixing and others [10] proposed the EHMCA protocol, which layers all nodes. In each layer, all nodes form clusters and cluster heads will fuse data. A chain is formed between the cluster head nodes of each cluster according to the PEGASIS protocol, and finally the data converges to the base station. The protocol can effectively reduce the communication delay and increase the life cycle. But there is still the problem of node power consumption is not balanced, resulting in many nodes premature death.
III. NETWORK AND RADIO MODEL
Aiming at the problem in PEGASIS protocol that the energy consumption of the chain tag is too fast and easy to die prematurely, which leads to the uneven energy consumption of each node in the network and the problem of long chain, in the energy heterogeneous network, the selection method of the chain tag is revised based on the idea of EECB protocol that we should consider the residual energy of the nodes and the distance between the chain tag and the base station when selecting the chain tag. At the same time, the method of establishing chain is modified, and a routing algorithm of optimal energy heterogeneous adaptive link is proposed. The algorithm selects the optimal chain, therefore, it can avoid the emergence of long chain, so as to effectively slow down the speed of energy consumption. Energy surplus node is selected as the chain tag, which can balance the energy consumption of nodes in the network, and make the network more stable.
A. Network Hypothesis
The assumption that the network is composed of N randomly deployed sensor nodes in the M*M region, which periodically collect data, and the wireless sensor network has the following characteristics:
 The nodes of the network are distributed randomly and fixedly in the monitoring area;  There is only one energy abundant base station in the network, which is fixed and far away from the monitoring area  In the network, the energy of nodes is heterogeneous, and the nodes have the function of data fusion. Each node is assigned a unique ID number and can sense its own energy information and position information;  In addition to the energy of nodes in the network in the hardware conditions should be the same, and the node energy is limited;  The transmission power of the nodes in the network is controllable;  The wireless channel is symmetrical in the network.
B. Algorithm Flow
Firstly, choose the chain head. Because the node distribution is large, and the location of the base station is far from the distribution range of the common nodes, the chain head always consumes more energy and is easy to die earlier. Therefore, we should consider the residual energy of the nodes and the distance between the node and the base station in the selection of the chain. Each node is to calculate the remaining energy assuming that they become the chain head to complete the current round of data transmission. By comparison, we should select the node with the most residual energy as the chain head.
Secondly, establish the chain. Because of the greedy algorithm, the PEGASIS protocol is easy to generate long chain and long communication delay. In the establishment of the chain, improved algorithm joins the chain head into the chain firstly, then adds an extra node (Node B) with the closest distance to a certain node (Node A) in the chain to the chain and record the nodes' routing relationship. It means that the next hop of the B node is the A node. Such a tree structure chain will eventually converge at the chain node. Finally, data will be sent to the base station through the chain head. As shown in Figure 1 . 
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Compared to the PEGASIS protocol, multiple loop search to establish the chain is used for a longer time and takes up relatively more resources. If the data transmission in the last round of the link does not cause the death of the node, the network does not need to be re-chained.
Just change the direction of the next hop between the new chain tag and the node of the previous one, then the new chain tag would be transferred to the base station directly and we can reuse the last round of the link..
C. Algorithm Analysis
The assumption that the network consists of 100 sensor nodes randomly deployed in the 500*500 region. The energy of nodes in the network is heterogeneous, and the base station is far away from the network area and has sufficient energy. According to the distance between the transmitter and the receiver, the different energy consumption models can be used in WSN: d is the critical value of the two models when the energy consumption is equal. By using formula 1, the energy consumption of nodes increases with the increase of transmission distance. According to the PEGASIS protocol, each node is to calculate the remaining energy assuming that they become the chain head. That is
We should select the node with maximum value as the chain tag in this communication after the value of the residual energy of each node minus
D. Simulation and Analysis
In order to verify the effectiveness of OEHAL and its superiority in heterogeneous networks, we use the PEGASIS algorithms respectively for simulation and compare the following performance indicators: Network life cycle, which refers to the time period from the beginning to the death of sensor nodes; data transfer quantity; Network life, refers to the duration that the node in the network began to gather information until the network cannot provide the required data to the observer; stable period, which refers to the time when the WSN node begins to collect data until the first node dies. Figure 2 shows the comparison of the network node survival cycle. With the PEGASIS protocol, EECB protocol and EHMCA protocol the nodes in network from the beginning of the transmission until all the nodes die, gradually die, so the energy consumption of nodes in the network is not balanced, the network has been in a state of instability. However, the network has been in steady state in nearly 700 rounds according to OEHAL agreement. Node energy consumption is very balanced, and the stability period is greatly improved compared to the PEGASIS protocol. The stable period occupies 76.5% of the whole network lifetime, which is greatly improved compared to other protocols. Figure 3 is the comparison of the total amount of packets received by the base station. From Figure 3 , we can see that in a network life cycle, the total amount of packets received by the base station with OEHAL protocol is about 3.6 times of the network with the PEGASIS protocol, is about 2.7 times of the network with the EECB protocol and is about 1.4 times of the network with the EHMCA protocol. The above analysis shows that the OEHAL protocol can solve the problem of the network energy consumption better in a large area, which makes the whole network more stable. IV. CONCLUSION AND DISCUSSION Two problems were found in PEGASIS algorithm after analyzing it. One is that it would cause communication latency easily and the other is that the long chain would be formed easily during formation of the link, which would cause early death at both the ends of the long chain nodes.
In view of these two problems, this paper proposes a new improved the OEHAL protocol. The protocol uses a chain structure which is similar to the tree, effectively reduces the communication latency and the problem of forming a long chain, and selects the head of chain through the residual energy and location information of the distance to the base station, which would increase the life cycle of the node in the network sharply, and balance the energy consumption among all the nodes of the network.
Due to some computation overhead caused by multiplesearching adopted by the OEHAL protocol in the link formation, in subsequent studies, a further modified OEHAL protocol is needed to simply realize the computing formed by network link. At the same time, solving the problem on the influence of the water environment on the node data transmission should be focused on to achieve the water quality on-line monitoring used in the environment of large area water.
